Abstract Neurologic complications of HIV are well characterized in the central and peripheral nervous systems but not in the autonomic nervous system, perhaps due to the complexities of measuring autonomic function in medically ill populations. We hypothesized that autonomic dysfunction is common in HIV, can be meaningfully measured with an autonomic reflex screen, and is associated with distal symmetric polyneuropathy (DSP) but not with signs of CNS disease. We also sought to characterize immunovirologic and medical factors associated with autonomic dysfunction. We assessed 102 HIV-infected adults for autonomic dysfunction with a laboratory-based autonomic reflex screen summarized as the composite autonomic severity score (CASS). The total neuropathy score (TNS) was used to quantify DSP based on neurologic interview/examination, quantitative sensory testing, and nerve conduction studies. Autonomic dysfunction was common, with a CASS≥3 in 61 % of participants, of whom 86 % were symptomatic. Greater CASS abnormalities demonstrated univariate association with increasing TNS, age, viral load, hypertension, and use of medications (particularly anticholinergics), but not with antiretrovirals, current/nadir CD 4+ count, HIV duration, metabolic factors, or signs of CNS disease. The TNS was the only significant predictor of the CASS in multivariate analysis; anticholinergic medications were marginally significant. This study demonstrates that autonomic dysfunction is common and frequently symptomatic in HIV and that an autonomic reflex screen, adjusted for anticholinergic medication, is useful in its assessment. Association of autonomic dysfunction with DSP suggests common factors in their pathogenesis, and autonomic neuropathy may be part of the spectrum of HIV-associated peripheral nerve pathologies.
Introduction
Neurologic complications of HIV are well described in the central and peripheral nervous systems and the two most common disorders, HIV-associated neurocognitive disorder and HIV-associated distal symmetric polyneuropathy (DSP), persist despite the use of combination antiretroviral therapy (CART). There is a much poorer understanding of the effects of HIV in the autonomic nervous system, which is likely due to the difficulties inherent in quantifying autonomic signs and symptoms in medically ill populations.
The autonomic nervous system innervates all major organ systems and has a wide array of responsibilities including modulation of heart rate and vasomotor tone, gastrointestinal motility, production of saliva and tears, urination, sexual function, and thermoregulation via sweating. Symptoms of autonomic neuropathy are similarly diverse and include orthostatic dizziness or fainting, nausea or vomiting especially with meals, diarrhea and/or constipation, dry eyes and mouth, urinary incontinence, sexual dysfunction, and changes in sweating, skin temperature, or color (Suarez et al. 1999) . In medically ill populations, these symptoms are not easily separated from those of end-organ disease or medication side effects, even with the use of validated questionnaires (Low et al. 2004) . Techniques for laboratory testing of autonomic function are well established (Novak 2011) ; however, they also have important limitations in medically ill populations. Noninvasive screening tests rely primarily on the measurement of autonomic reflexes, in particular cardiovascular reflexes and evoked sweat output, both of which may be influenced by concomitant medications (Low and Sletten 2008) and have a limited ability to distinguish central from peripheral autonomic deficits.
Many commonly used medications have potential effects on autonomic testing. In clinical practice, experts recommend discontinuing such medications (anticholinergics, 9-α-fludrocortisone, diuretics, sympathomimetics, parasympathomimetics, and alpha-and beta-blockers) prior to autonomic testing (Low and Sletten 2008) . In research, participants taking such medications are often excluded from study. Both approaches are problematic in the context of medically ill individuals with HIV. Withholding medication is potentially deleterious to the patient and may also cause withdrawal or rebound effects that complicate the interpretation of autonomic test results (Ross et al. 1981) . Excluding patients receiving medication results in bias of the study sample toward healthier individuals, which may be unacceptable in the study of chronic illnesses.
Despite these difficulties there has been some preliminary study of autonomic function in HIV using relatively standard, although not identical, batteries of autonomic reflex tests. Studies from early in the AIDS epidemic, prior to the widespread use of CART, suggested that autonomic dysfunction was an important neurologic complication of HIV (Craddock et al. 1987; Freeman et al. 1990; Cohen and Laudenslager 1989; Ruttimann et al. 1991; Villa et al. 1992; Villa et al. 1995) . However, these studies were small, ranging from 5 to 57 HIV-infected participants, medication use that could mimic autonomic phenomena was typically not addressed, and in all but one (Freeman et al. 1990 ), autonomic testing was performed in isolation. Without additional clinical neurologic or neurophysiologic testing, it was unclear if the autonomic dysfunction was part of a larger neuroAIDS syndrome, if it was an isolated nervous system deficit, or if it was potentially a function of confounding medication utilization. Studies from early in the era of CART were similar in results and limitations (Rogstad et al. 1999; Becker et al. 1997; Neild et al. 2000) , with the exception of the work of Glϋck et al. who studied 61 HIV-infected participants and documented both autonomic and sensorimotor neuropathy but did not report whether they were correlated. (Gluck et al. 2000) In the last decade, small studies examining predominantly cardiovascular autonomic neuropathy found mostly mild and subclinical deficits (Mittal et al. 2004; Lebech et al. 2007; Sakhuja et al. 2007) or symptoms without objective deficits (Compostella et al. 2008 ). More recently, Askgaard et al. studied 97 HIV-infected participants and found that moderate autonomic dysfunction was associated with medical but not HIV immunovirologic variables (Askgaard et al. 2011 ), a finding replicated by others (Chow et al. 2011 ).
Autonomic dysfunction may have particular relevance to CART-treated HIV, as it has been hypothesized that lipodystrophy may be the result of a selective autonomic neuropathy (Fliers et al. 2003a ) based on the role of the autonomic nervous system in determination of body composition (Fliers et al. 2003b ) and experimental data demonstrating lower parasympathetic cardiac modulation in HIV patients with lipodystrophy (Chow et al. 2006) . Other authors have proposed that the autonomic nervous system might directly affect immune function in HIV via sympathetic innervation of lymph nodes (Sloan et al. 2007 ). In the rhesus macaque model, there is a complicated interaction between simian immunodeficiency virus (SIV) and autonomic innervation, with an overall decrease in sympathetic innervation of lymph nodes following SIV infection, but enhanced viral replication adjacent to the remaining sympathetic varicosities (Sloan et al. 2008; Sloan et al. 2006) . Differential immune reconstitution in response to CART has also been reported in humans based on autonomic function (Cole et al. 2001) .
Thus, the clinical relevance of autonomic dysfunction to HIV argues for the need to determine whether it is common and whether it is part of a larger neurologic syndrome. Considering the known high prevalence of HIV-DSP and the association of autonomic neuropathy with DSP in other systemic diseases such as diabetes, we hypothesized that autonomic dysfunction would be common in HIV and associated with DSP but not clinical signs of CNS disease. We further hypothesized that the following factors might be important covariates in this association: CART, HIV duration, current and nadir CD 4+ count, HIV plasma load, and based on the findings of Askgaard et al., features of the metabolic syndrome. We also anticipated that our patients would be on multiple medications and sought to determine the effect of this polypharmacy on the results of autonomic testing. Finally, we sought to describe the autonomic symptoms experienced by HIV-infected patients.
Methods
Recruitment One hundred and two HIV-infected individuals were recruited from the waiting room of an adult HIV clinic, in an academic medical center, in which all clinical information is housed in an electronic medical record (EMR). Approximately 1,500 low-income, predominantly minority patients receive care in the clinic. All recruitment occurred between April 2011 and August 2012. Most visits to the clinic are for primary HIV care, although ancillary services (nursing, social work, and care coordination) and limited subspecialty care (psychiatry, psychology, nephrology, gynecology, and neurology) are also offered on site. In order to avoid overrepresentation of patients with neurologic disorders, recruitment was not performed when a neurologist was seeing patients. The investigator recruiting participants had no specific knowledge of their medical conditions and offered an appointment to assess eligibility to any willing patient. All procedures were performed according to a protocol approved by the Mount Sinai School of Medicine Institutional Review Board. All participants provided written informed consent.
Inclusion/exclusion criteria All HIV-infected individuals, 18 years of age or greater, receiving care in the clinic were eligible to participate. The following medical conditions were exclusionary because they might preclude safe and/or accurate autonomic testing: glaucoma, aortic stenosis, myocardial infarction within 6 months, retinopathy (Hebert et al. 1998; Airaksinen et al. 1993) , unclipped cerebral aneurysm (Tiecks et al. 1996) cardiac arrhythmias, or pacemakers. Participants with other potential causes of autonomic dysfunction were not excluded because we wanted our sample to be as representative of the clinic population as possible.
Testing procedures All participants were seen for a single visit between May 2011 and August 2012. Each of the study procedures was performed by the same investigator for all participants. The EMR was reviewed to confirm co-morbid medical conditions, current medications, current and nadir CD 4+ count, viral load, total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides, and random glucose (fasting glucose was not routinely available for all patients). Laboratory values had been collected within 1 month of the study visit for 78 % of participants and within 4 months for 98 %. A standardized comprehensive neurologic examination; the survey of autonomic symptoms (SAS) (Zilliox et al. 2011 (Zilliox et al. , pp. 1099 (Zilliox et al. -1105 ; quantitative sensory testing (QST) of cooling and vibration in the right foot (CASE IV system); and nerve conduction studies (right peroneal motor and sural sensory) were performed.
Autonomic function was assessed using the autonomic reflex screen described by Low et al. (Novak 2011 ). This screening battery was chosen because it is noninvasive and can be used to calculate a validated quantitative measure of autonomic dysfunction, the composite autonomic severity score (CASS) (Low 1993) . Autonomic testing was performed using equipment from WR Medical Electronics Co. (Maplewood, MN) . The autonomic reflex screen includes four tests: quantitative measurement of sweat output at four standardized sites (foot, distal leg, proximal leg, and forearm) evoked by iontophoresis of acetylcholine into the skin (Q-sweat), heart rate variability in response to paced rhythmic deep breathing, heart rate and blood pressure response to Valsalva maneuver, and heart rate and blood pressure response to tilt-table testing (Low 1993) .
Participants were advised to refrain from smoking and caffeine consumption on the morning of testing.
Calculation of measures
The total neuropathy score (TNS) was used as the measure of DSP. The TNS is calculated from the following ten items scored from 0 to 4, where 0 is normal: sensory symptoms, motor symptoms, autonomic symptoms, pin sensibility, vibration sensibility, strength, deep tendon reflexes, QST vibration, sural sensory amplitude, and peroneal motor amplitude (Cornblath et al. 1999) . Two minor modifications were necessary: the QST scoring was modified for the CASE IV system (Simpson et al. 2006) and the SAS was used to quantify autonomic symptoms (Zilliox et al. 2011) . Recognizing that including autonomic symptoms in the TNS might artificially enhance its association with the CASS, we repeated all relevant analyses with a modified TNS that excluded autonomic symptoms. The CASS and its three subscores (sudomotor, adrenergic, and cardiovagal) were calculated using the data from the autonomic testing (Low 1993) . The sudomotor subscore reflects sympathetic innervation of sweat glands and has a possible range of 0-3; the cardiovagal subscore reflects parasympathetic innervation of the heart and has a possible range of 0-3; and the adrenergic subscore reflects sympathetic innervation of peripheral vasculature and has a possible range of 0-4. The total CASS is the sum of the three sub-scores, resulting in a total score of 0-10, where zero is normal. The following definitions have been used for CASS scores greater than zero: 0-1 normal, 2-3 mild autonomic dysfunction, 4-6 moderate autonomic dysfunction, and 7-10 severe autonomic dysfunction (Low et al. 2004 ). We chose a relatively stringent cut-off of ≥3 to define autonomic dysfunction in acknowledgement of the medical complexity of our population.
The HIV-Dementia Motor Score (HDMS) was calculated as a clinical measure of HIV-related CNS dysfunction (Robinson-Papp et al. 2008 ). The HDMS is a validated measure, designed to quantify the clinical neurologic findings of HIV-associated dementia (Byrd et al. 2013) . It is scored on a scale of 0-20, where zero is normal, and includes: limb weakness, hyperreflexia, abnormal reflexes (snout, glabellar, and Babinski sign), hypertonia, dysmetria, and gait abnormality.
Assessing medication affects The following classes of medications have the potential to interfere with the results of autonomic testing: anticholinergics, diuretics, 9-α-fludrocortisone, sympathomimetics, parasympathomimetics, alpha blockers, and beta blockers. Since acetylcholine is the preganglionic neurotransmitter for both parasympathetic and sympathetic neurons and the postganglionic neurotransmitter for parasympathetic and sympathetic sudomotor neurons, anticholinergics have the potential for widespread effects on autonomic testing, and in particular the sudomotor subscore of the CASS. The other agents might be expected to affect the cardiovagal and adrenergic subscores of the CASS. We used the anticholinergic risk scale (ARS) to quantify the burden of anticholinergic medications for each patient (Rudolph et al. 2008) . This scale provides a validated, quantitative measure of the cumulative anticholinergic effects of commonly used medications and is suitable for use in the setting of polypharmacy. Unfortunately, such scales do not exist for the other classes of medications listed above, and so we considered them individually.
Statistical analysis The pre-planned primary outcome was the Spearman's rank correlation between the CASS and TNS. Other outcomes were secondary and a correction for multiple comparisons (e.g., the Bonferroni correction factor) was not applied, thus these analyses must be considered exploratory. Kendall's tau-b correlation was performed for the TNS and each CASS subscore. Spearman's rank correlation was performed for the CASS and each of the following: age, duration of HIV infection, CD 4+ count (current and nadir), serum HIV viral load, random glucose, total cholesterol, LDL, HDL, triglycerides, and body mass index (BMI). In addition, the median CASS was compared between genders (Wilcoxon rank sum test) and across ethnicities (Kruskal-Wallis test). The Wilcoxon rank sum test was also used to compare the median CASS in participants with and without: current CART treatment; obesity; diagnoses of diabetes, hypertension, or hyperlipidemia. In order to determine the effect of medication on CASS, Spearman's rank correlation was calculated between the ARS and the CASS, and Kendall's tau-b correlation was performed for the ARS and each CASS sub-score. The Wilcoxon rank sum test was also used to compare the median CASS between patients who were and were not taking the other medication classes of interest. Chi-square analysis was used to compare the proportion of participants with cardiovagal and adrenergic subscore abnormalities based on whether or not they were receiving the other medication classes of interest. Linear regression was used to determine whether any of the above factors were important confounders in the relationship between the TNS and CASS. All tests were two-tailed and conducted at the α=0.05 level using SPSS version 20.
Results
Participant characteristics Participants were predominantly minority, with a nearly equal gender distribution (Table 1) . Most had longstanding HIV and were prescribed CART. Metabolic comorbidities were fairly common, with hypertension the most common (42 %). Thirteen participants had a history of diabetes, and 53 had a history of substance use, but there were no other diagnoses recorded in the EMR that would account for autonomic dysfunction or DSP (e.g., Sjogren's syndrome, autoimmune autonomic ganglionopathy, pure autonomic failure, or inherited neuropathies). Among the 13 diabetics, 12 had active type 2 diabetes, and one had a history of gestational diabetes. Most were relatively recently diagnosed, with a median duration of 5 years (IQR, 3 and 8). None had end-organ complications of diabetes. Among those with a substance use history, 13 had stimulant (cocaine, amphetamines, or phencyclidine) use documented in their clinic chart within 2 months of the study visit (either by urine toxicology or health care provider note).
The majority of participants were taking traditional CART regimens with nucleoside reverse transcriptase inhibitor (NRTI) backbones, and protease inhibitor (PI, 52 %), non-nucleoside reverse transcriptase inhibitor (NNRTI, 18 %), or integrase inhibitor (13 %) bases. Other regimens were each taken by less than 5 % of participants and included: PI/integrase inhibitor, NRTI/PI/integrase inhibitor, NRTI only, NRTI/PI/entry inhibitor, and NRTI/integrase inhibitor/entry inhibitor. Five percent of participants were not taking any CART. Although 42 % of participants had detectable viral loads, this was mostly low-level viremia; 89 % of treated patients had <5,000 copies.
Description of measures Abnormalities on the CASS were very common (Table 2) , with 62 (61 %) participants meeting criteria for autonomic dysfunction (CASS≥3). Most deficits were mild to moderate, with 94 % of participants receiving a score of 1-5 out of 10. Deficits were seen in all three autonomic subscores (sudomotor, adrenergic, and cardiovagal), but were most prominent in the sudomotor subscore. Eighty-two percent of participants had sudomotor deficits, and all levels of severity were represented (scores of 1-3). Adrenergic deficits were seen in 75 % of participants, but nearly all of these were at the lowest severity level (1 out of 4). Cardiovagal deficits were seen in 37 % of participants, again nearly all at the lowest severity level (1 out of 3). The most common cardiovascular reflex abnormalities were: excessive blood pressure drop during Valsalva maneuver (63 %), blunted compensatory tachycardia in response to blood pressure drop during Valsalva maneuver (i.e., reduced Valsalva ratio; 28 %), and reduced heart rate variability in response to paced rhythmic deep breathing (26 %). DSP was also very common. Very few participants (4 %) had a completely normal TNS. Fifty percent of participants had at least three of the following signs of neuropathy: sensory symptoms, sensory signs, reduced or absent ankle reflexes, and reduced or absent sural sensory amplitude. Twenty-nine percent had all four. The TNS was not associated with obesity, diabetes or hyperlipidemia (p>0.2 for all variables). The TNS was associated with hypertension suggesting a possible role for co-morbid illness in the etiology of DSP in addition to HIV itself (W (n1=43 and n2=59)=2,729, p=0.04).
Main outcomes The CASS and TNS were correlated in the expected direction (r = 0.33, p = .001). This result was unchanged when autonomic symptoms were excluded from the TNS (r=0.33, p=0.001). A large majority (90 %) of participants with the most severe DSP (TNS≥15) had autonomic dysfunction (CASS≥3), whereas only 30 % of participants with little or no neuropathy (TNS < 4) had autonomic dysfunction (see Fig. 1 ). The CASS sudomotor and adrenergic subscores were also correlated with the TNS (r=0.19, p=0.01; r=0.18, p= 0.03, respectively), and the cardiovagal subscore was marginally correlated with the TNS (r=0.16, p=0.06). Greater abnormalities on the CASS were also correlated with increasing age (r=0.26, p=0.009), increasing viral load (r= 0.20, p=0.04), and a diagnosis of hypertension (W (n1=43 and n2 = 59) = 2,814, p = 0.004). The CASS was not associated with clinical signs of CNS dysfunction (as measured by the HDMS), gender, ethnicity, HIV duration, diabetes, obesity, hyperlipidemia, BMI, or the following laboratory values: current or nadir CD 4+ , total cholesterol, LDL, HDL, triglycerides, and random glucose (all p values >0.1).
Effects of medication use on the CASS The CASS was not associated with CART, either overall or by regimen type. Thirty-seven participants were using one or more medications with anticholinergic properties, 14 were using diuretics, and 12 were using beta-blockers. Clonidine and an alpha-blocker (terazosin) were each used by one participant. Two participants were prescribed sympathomimetics (pseudoephedrine and modafinil) and 13 participants had evidence of recent illicit sympathomimetic use (cocaine, amphetamines, or phencyclidine). There were no participants taking 9-α-fludrocortisone, direct parasympathomimetics, or acetylcholinesterse inhibitors. Two participants used nicotine patches, an indirect parasympathomimetic. The ARS was correlated with the CASS (r=0.26, p=0.01). This association was driven primarily by the sudomotor subscore (r=0.23, p=0.007). The ARS was not correlated with the adrenergic or cardiovagal sub-scores (p>0.1 for both). Due to the infrequency with which the other agents were used, only sympathomimetics (prescribed and illicit), diuretics and beta-blockers were considered further. Sympathomimetic use was not associated with the CASS (p>0.8). The use of a diuretic was associated with a higher median CASS (4 vs. 3; W (n1=88, n2 = 14) = 4,250, p =0.005). Fig. 1 The percentage of participants with autonomic dysfunction, defined as a composite autonomic severity score≥3, increases with DSP severity as measured by the total neuropathy score Participants using a beta-blocker also had a slightly higher median CASS (3.5 vs. 3), but this was not statistically significant (p=0.2). Both diuretics (χ 2 =5.1, p=0.02) and beta-blockers (χ 2 =8.3, p=0.004) were associated with abnormalities on the cardiovagal subscore, but neither was associated with abnormalities on the adrenergic subscore (p>0.1 for both). Since diuretics and beta-blockers had similar effects on the autonomic testing they were considered together in the multivariate analysis.
Multivariate analysis Multivariate linear regression was performed to determine whether the TNS was associated with the CASS after adjustment for the following potential confounders: age, viral load, hypertension, the ARS, betablocker, or diuretic use. The TNS was the only statistically significant predictor in the model (β=0.07, standardized β= 0.26, p=0.01), although the ARS was marginally significant (β=0.19, standardized β=0.16, p=0.09). The results were not changed if autonomic symptoms were excluded from the TNS.
Analyses of autonomic symptoms Eighty-six percent of participants with autonomic dysfunction (defined as CASS≥3) endorsed one or more symptoms on the SAS and 70 % had at least one symptom they described moderately bothersome o r w o r s e . T h e m o s t c o m m o n s y m p t o m s w e r e lightheadedness, dry eyes or mouth, cold feet, and constipation, each occurring in at least 40 % of participants (see Table 3 ). The presence of one or more symptoms that were at least moderately bothersome on the SAS was associated with autonomic dysfunction (χ 2 (1)=6.0, p=.014). Overall, the CASS was marginally associated with both the SAS impact score and the SAS symptom number (r=0.18, p= 0.07; r=0.17, p=0.08, respectively). However, only two individual symptoms (cold feet and constipation) were associated with autonomic dysfunction, which reflects the nonspecific nature of individual autonomic symptoms in isolation and the high symptom burden of HIV-infected populations even without autonomic dysfunction.
Discussion
A growing body of evidence suggests that mild to moderate autonomic dysfunction frequently accompanies HIV infection; how this fits in to the spectrum of CART-era neuroAIDS disorders is unclear. Prior studies have employed autonomic reflex tests including measures of heart rate variability, pupillary constriction, heart rate and blood pressure responses to the Valsalva maneuver, sustained handgrip, and standing, but few have included any assessment of neurologic deficits outside of the autonomic nervous system. Furthermore, many studies have not addressed the effect of confounding medications on reflex testing. Two recent CART-era studies attempted to describe autonomic dysfunction in a neurologic context, but neither performed a comprehensive autonomic or medication utilization assessment. In one of these studies, we reviewed the records of 168 HIV-infected participants in a longitudinal neuroAIDS (Manhattan HIV Brain Bank) cohort and found that autonomic-type symptoms were associated with clinically diagnosed DSP (Robinson-Papp et al. 2012 ). In the other study, Boger et al. performed quantitative sudomotor axon reflex testing in 41 HIVinfected individuals and found that sweat volumes were lower in participants with DSP on clinical examination (Boger et al. 2012) .
The current study confirms the high frequency of HIVassociated autonomic dysfunction, and in addition finds that the strongest and most consistent predictor of autonomic dysfunction in HIV is peripheral nerve dysfunction. Autonomic dysfunction was present in up to 90 % of participants with severe DSP and in only 30 % of participants with little or no DSP. This finding demonstrates that autonomic dysfunction should be considered a common part of the HIV-DSP syndrome and suggests that autonomic dysfunction and DSP may have common underlying pathogenetic mechanisms in HIV. It is as yet unclear what these mechanisms are. The pathogenesis of DSP in HIV is incompletely understood. Proposed mechanisms include mitochondrial dysfunction and energetic failure in the distal axon (Lehmann et al. 2011 ) and gp-120-induced neurotoxicity (Keswani et al. 2003; Melli et al. 2006) . The pathogenesis of autonomic dysfunction in HIV is even less well understood. There is sympathetic denervation of lymph nodes in the rhesus macaque following acute SIV infection (Sloan et al. 2008 ), but lymph nodes contain a high concentration of virally infected cells and it is unknown if autonomic innervation of other organs is similarly affected. Autonomic nerve fibers are predominantly small caliber, similar to somatic fibers that are often affected in DSP. Thus, it seems reasonable that both groups of fibers would be vulnerable to the same insults, but this has yet to be proven. Our study also shows that although medications, particularly those with anticholinergic properties, affect the outcome of autonomic function tests, this affect is not large and can be accounted for using the ARS. According to the multivariate analysis described above, the slope of the correlation between the ARS and the CASS was 0.19, and so in general, approximately 5 points on the ARS would be expected to raise the CASS by 1 point, most likely in the sudomotor subscore. An ARS of 5 would be equivalent to one medication with very strong anticholinergic properties and a second one with strong anticholinergic properties (e.g., diphenhydramine and nortiptyline). We did not find an association between the CASS and sympathomimetic use. This may be due to the imprecision inherent in relying on chart review for this information. Future studies should include urine toxicology, and other important laboratory measures (e.g., CD 4+ count, viral load, and metabolic indices) contemporaneous with the autonomic testing.
Autonomic dysfunction was not only common in this population of HIV-infected individuals but also highly symptomatic. A population based study of diabetics that used the same diagnostic methods found a mean CASS of 3.4, and a CASS of ≥2 in 54 % of type 1 diabetics and 73 % of type 2 diabetics (Low et al. 2004; Suarez et al. 2005) . Seventy-eight percent of our participants met the same criteria. Using a slightly more stringent criteria of a CASS≥3, 61 % of our participants had autonomic dysfunction, of whom 86 % were symptomatic. Interestingly, neither autonomic dysfunction nor DSP was associated with diabetes in our study, likely because the diabetes was mild.
This study has potentially important implications. DSP is a significant source of pain and diminished quality of life for many HIV-infected individuals (Ellis et al. 2010) . However due to its predominantly sensory and nonprogressive nature (Simpson et al. 2006) , it has not generally been considered disabling or relevant to the course of systemic disease. The finding that HIV-DSP is associated with autonomic dysfunction changes this perception. In diabetes, cardiovascular autonomic neuropathy is associated with increased mortality (Maser et al. 2003; Pop-Busui et al. 2010) It is yet unknown if this is also the case in HIV.
The potential clinical implications of autonomic neuropathy become increasingly important in light of the aging of the HIV-infected population. We found that increasing age was associated with worsening autonomic deficits, but was not an independent risk factor. This is likely due to the fact that age is also strongly associated with HIV-DSP. Nonetheless worsening autonomic function can be expected with increasing age. The median age in our sample was 51 years, with 75 % of participants 57 years or younger, and autonomic dysfunction was very common even in this relatively young group. Aging and increasing severity of autonomic dysfunction may have multiple harmful synergies. Cardiovascular disease increases with age, as do changes in body composition, known as sarcopenic obesity of aging (Boirie 2009 ). Poorer immunologic response to CART has also been observed in older patients (Sabin et al. 2008) , potentially due to immunosenescence (Deeks 2011) .
This study has limitations. Although we reviewed the EMR for other diagnoses associated with autonomic neuropathy, we did not perform specific testing (e.g., measurement of vitamin levels) to exclude other causes. All participants were recruited from a single clinic in an academic medical center known to have expertise in the field of neuroAIDS. Accordingly, our participants may be more medically and neurologically ill than most HIV patients. These factors may limit generalizability. Due to financial constraints, blood test results were taken from clinic records and so are not exactly contemporaneous with the study visit. Since our hypothesis was that autonomic dysfunction would be associated with DSP, we did not have a comprehensive CNS evaluation (e.g., neuropsychological testing or neuroimaging). Finally, as our primary objective was to screen for a spectrum of autonomic abnormalities in a medically ill population, we did not employ invasive or interventional tests. While such tests have the advantage of potentially greater specificity, they each have their own limitations. For example, direct measurement of autonomic activity from peripheral nerves is possible using needle electrodes (microneurography) (Vallbo et al. 2004) . However, the technique measures only sympathetic and not parasympathetic activity and responses may be difficult to obtain in patients with neuropathy. Imaging modalities such as MIBG-SPECT have been used to assess adrenergic sympathetic terminals in the heart (Dae et al. 1989) , but this does not provide information about parasympathetic function or innervation of other structures. Pharmacologically based methods measure changes in blood pressure and heart rate during intravenous infusion of various agents (e.g., phenylephrine, tyramine, and isoproterenol) (La Rovere et al. 1988; Almquist et al. 1989; Demanet 1976) or compare levels of endogenous serum catecholamines during orthostatic or pharmacologic challenge (Polinsky et al. 1981) . Unlike the reflex-based tests, pharmacologic methods may provide more insight as to whether an autonomic deficit is central or peripheral, but they do not eliminate the confounding effects of polypharmacy and likely carry too much risk for research in vulnerable populations.
An important strength of this study is that, to our knowledge, it is the first to demonstrate an association of DSP with autonomic dysfunction in HIV, and is one of the largest studies of autonomic function in HIV to date. Another strength is rigorous standardization of methods and quality control. All assessments were done by one of two physicians (JRP or SS), with all neurologic examinations and nerve conductions done by an attending neurologist board certified in electrodiagnostic medicine (JRP), who was blind to the results of the autonomic testing while performing these assessments. All data were reviewed for accuracy by two authors at the time of the study visit and then again at a later date, resulting in a total of at least four data reviews.
In summary, our study demonstrates that a noninvasive, laboratory-based autonomic reflex screen is useful in the detection of autonomic neuropathy in HIV and that although medications, particularly anticholinergics, do affect the testing, this affect can be accounted for using the anticholinergic risk scale. Using this autonomic reflex screen, we found that autonomic dysfunction is common in HIV, often symptomatic, and is associated with DSP but not with clinical signs of CNS dysfunction. Furthermore, greater autonomic dysfunction is observed in older participants and in those with higher viral loads. Further research is indicated to explore the pathophysiology underlying HIV-associated DSP and autonomic dysfunction and their clinical implications.
